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Abstract 
Cobalt doped thin films of CdS [Cd1-xCoxS with x=0, 0.05, 0.1,0.15,0.2,0.25] have been prepared for different doping 
concentrations using chemical bath deposition technique (CBD). The characterization of the films was done by using 
XRD, AFM and Photoconductivity analysis. The lattice structure of CdS is found to be fcc which changes to 
hexagonal phase with the increase in Co concentration. Marked changes are seen in AFM images and shows that the 
grain size increases with the increases in Co concentration. This in-turn has a pronounced effect in the behaviour of 
photocurrents. Results will be discussed in the light of existing models of photosensitivity coupled with diluted 
magnetic semiconductors.  
© 2013 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of SMND-2011 
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1. Introduction 
In recent years magnetic impurity doped wide band gap semiconductors have opened a new branch in 
semiconductor physics namely dilute magnetic semiconductors (DMS) by combining the two most 
application based properties of material i.e., semiconducting and magnetic property in a single material. 
Doping of such wide band gap materials with magnetic impurities such as Mn, Fe, Ni, Co, etc influences 
the electronic structure and produces unique magnetic and magneto-optical properties with unparalleled 
opportunities in the field of spintronics [4]. Researches in the area of dilute magnetic semiconductors are 
of great demand due to its huge technological applications [5]. To meet the demand for these applications, 
techniques for the synthesis of these films on large scale using low cost methods are highly desirable [6].  
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The CBD method has become very popular, in recent years, especially for thin film deposition due to 
its low cost, large area deposition and no use of expensive and sophisticated vacuum components [7]. 
Since, the discovery of ferromagnetism in DMS at low temperatures, work has been done to extend the 
ferromagnetism up to the room temperature. In the present work we report the results of our investigation 
of Co doped CdS prepared using CBD technique.  
2. Experimental Technique 
The CBD technique were used for preparing Cd1-xCoxS thin films with different level of doping (x = 0, 
0.05, 0.10, 0.15, 0.20 and 0.25). The films were prepared from cadmium chloride and thiourea by 
chemical bath deposition in alkaline solution. The deposition of CdS films is achieved from dilute 
solutions. Sulphide ions are released in the bath by the hydrolysis of thiourea, in the presence of OH  
ions. Cd2+ ions are complexed with one or more of the chelating agents like NH3 [directly added as NH3 
(aq.) or evolved from NH4Cl in the presence of NaOH. This ensures slow release of Cd2+ ions in the 
solution. The change of the bath composition influences the formation and the dissociation of cadmium 
ammonia complexes and finally the deposition rate of the CdS films and their characteristics. The 
formation is governed by   the equation. 
 
CdCl2 + (NH2)2CS + 2HO- 2CN2 + 2H2O + 2Cl- 
 
The bath compositions characterized by the reagent in following molar solution [0.001M cadmium 
chloride]: [0.02M ammonium chloride]: [1M ammonia]: [0.02M thiourea]. For preparing Co doped films 
of various compositions, ratio of 0.001M CoCl2 and 0.001M CdCl2 is varied as per requirement. Films 
were deposited on ultrasonically cleaned glass substrates. All the films are dark yellow in color and well 
adherent on the substrate. The structural characterization of Cd1-xCoxS films is done by means of Rigaku 
X-Ray diffractometer using Cu-
studies are done by AFM (Digital instruments Nanoscope-E, with Si3N4 100  cantilever, 0.58 N/m force 
constant) measurements in contact mode. Resistivity measurements in light and dark conditions have 
been done by using Keithley 617 programmable electrometer in association with Lakeshore temperature 
controller. 
 
3. Result and discussions 
 
3.1. Structural studies 
 
The XRD plots of Co doped CdS prepared using CBD techniques are shown in Fig-1. The diffraction 
pattern shows only one peak corresponding to (111) plane of cubic CdS indicating predominant growth of 
film along this direction. With increasing Co concentration this peak shifts to lower diffraction angle 
indicating increase in lattice parameter. Also as Co content increases in the lattice, peaks at 280, 370 
and 470 starts emerging. From the JCPDS database, these peaks were identified as peaks related to (101), 
(102), (103) planes of hexagonal CdS. Thus, indicating that Co doping stabilizes hexagonal phase in CdS.  
The transition from cubic to hexagonal lattice structure is seen clearly. Also for x = 0.25, an extra peak 
not related to CdS appears, which is identified as peak due to (200) plane of CoS2. This means that the 
CdS lattice has reached its solubility limit at 25at% of Co. 
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(a) 
 (b) 
Fig- 1 (a): x-ray diffraction pattern of Cd1-xCox  films    b): Same plot is shown in magnified view. 
The dashed line shows the shifting of (111) peaks to lower angles. 
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3.2 Morphological studies 
 
The surface morphology for Co doped CdS films are shown in Fig-2 (a-f). It shows agglomeration of 
grains with increasing Co concentration. This is probably associated with the structural transition by 
increasing Co concentration observed in XRD result. Due to the agglomeration particle size and surface 
roughness increases with increasing Co concentration. However, anomalies started appearing from x=0.2 
and is more in x=0.25 sample. This is due to the formation of secondary phases as supported by XRD. All 
these results are listed in Table -1 
 
       
(a) X=0 
 
(b)=0.05 
(c)=0.1  (d)=0.15 
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(e)=0.2  
(f)=0.25 
Fig-2 (a-f): AFM images of Cd1-xCoxS thin films. 
3.3 Electrical studies 
The photoconductivity studies for different temperature and for samples having different Co 
concentration have been done on LED based photoconductivity measurement system described 
elsewhere [11]. To ensure that each set of data obtained under different conditions had the same 
initial conditions, the system was heated to 400K after each measurement, and then cooled down in 
the darkness to the desired temperature. The persistent photocurrent is defined as  
 
IPPC (t) = [Id(t)-Id0]/[IPC-Id0]                                  (1) 
 
and it decays with time via relation   
 
IPPC (t) = IPPC (0) exp (-t/ )                         (2) 
 
where  is the decay time constant. The temperature dependence of IPPC comes through , which is 
thermally activated as  
 
 = 0 exp (- E/kBT)                                  (3) 
 
However the experimental data cannot be explained on the basis of single decay and a combination of 
decay is needed to fit the time dependence IPPC data to exponential function [12]. Mathematically it 
can be represented as    
 
IPPC (t) = IPPC1 (0) exp (-t/ 1) + IPPC2 (0) exp (-t/ 2) + .................                                        (4) 
 
where 1, 2, 3, etc are the decay time constant corresponding to trapping centers exists at different 
energies E1, E2, E3, etc. In the present case a good fit to the decay curve is obtained with three 
time constants. The decay of IPPC at 150K as a function of Co concentration is shown in Fig-3 (a,b). 
On switching off the illumination, the photocurrent first drops suddenly and then decays slowly. This 
drop determines the photosensitivity and large drop indicates good photosensitivity. Initially the 
photosensitivity increases slightly for x = 0.05 and then suddenly decreases for x = 0.1 and increases 
there after for higher Co concentration. The decay of photocurrent curve is fitted to three-tau model. 
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The dependence of 1, 2, 3 on the Co concentration is shown in Fig-4. With increase in Co 
concentration, 1 initially increases becomes somewhat constant for x=0.05 to x=0.15 then again 
increases. For x=0.25, 1 shows a peculiar behaviour. 2 increases initially and shows maximum at x = 
0.1 and then decreases. But the component 3 decreases with the increase in Co concentration. At 
present it is difficult to comment more on this and a detailed investigation is needed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                
 
Fig-3 (a): Persistent photo current curve for Cd1-xCoxS  thin films 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig-3 (b): Persistent photo current curve for Cd1-xCoxS  thin films(log scale) 
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Fig-4 The dependence of 1, 2, 3 on the Co concentration in Cd1-xCoxS   film 
 
 
     Table.1. Activation energy, lattice parameter, roughness and grain size 
Co Conc (x)  I2/I1 RMS 
Roughness 
(nm) 
Grain  size  
( nm) 
(Ao) 
0 3.159 0.207 4 39 
0.05 3.161 0.272 7 55 
0.1 3.169 0.225 18 75 
0.15 3.177 0.672 34 89 
0.2 3.179 0.474 8 65 
0.25 3.185 0.892 39 102 
 
 
4. Conclusion 
The lattice structure of CdS films prepared by using CBD technique is found to be fcc which changes 
to hexagonal phase with the increase in Co concentration. AFM image shows agglomeration of smaller 
grains to form bigger grains on increasing Co concentration. The resistivity of illuminated samples shows 
hump in the resistivity versus temperature curve on either side of which the   resistivity decreases. The 
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position of this hump is found to be dependent on Co concentration and decreases towards lower 
temperature, for higher Co concentration. The behavior of resistivity curve is very much similar to that of 
dilute magnetic semiconductors and has been analyzed considering RKKY interaction to be responsible 
for the hump. The exchange-coupling constant evaluated from the above data was found to decrease with 
increase in Co concentration. The results of persistent photocurrent measurements have been discussed in 
terms of the different Co concentration and temperature. The results have been analyzed in terms of three 
decay constants. 
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